The ductless glands of the body, particularly the small structures above the kidney, known as the adrenal or suprarenal glands, were a mystery to early anatomists. With no obvious connections to other organs, how they worked, and exactly what they did, remained uncertain for centuries. The adrenals developed early in the foetus, remained functional throughout life and had a vast nerve supply, suggesting that they performed "…some important office", but these were the only clues 1 . The Académie des Sciences de Bordeaux held an essay competition in 1716, hoping entrants would be able to describe their function but, despite some inventive submissions, no prize was awarded 2 .
Thomas Addison was the first to attribute adrenal failure to a disease state, establishing that the adrenals were essential for life. In 1855, he described a fatal condition preceded by "anaemia, general languor and debility, remarkable feebleness of the heart's action, irritability of the stomach, and a peculiar change of colour in the skin" 1 . Seeking a cause for this, he chanced upon the discovery that in all these patients, the adrenal glands were diseased. The year he published these findings, the two zones in the adrenal, the cortex and medulla, were anatomically observed under a microscope, but the delineation offered no further clues to their function.
In 1848, German physiologist, Arnold Berthold castrated a rooster, reimplanting the testes into the abdomen 3 . The comb of the rooster continued to flourish, demonstrating that the function of the testes was preserved. This provided the crucial evidence that these ductless (endocrine) glands were releasing chemicals directly into the bloodstream. Research efforts were then directed towards discovering the nature of these substances.
In the latter half of the 19th century, a number of crude sphygmomanometers were devised to measure pressure in blood vessels. George Oliver, a general practitioner in Harrogate, North Yorkshire, devised a "pulse gauging instrument", experimenting with various oral substances to determine their effects on blood pressure 4 . Apocryphal stories suggest his own son may have been the experimental subject 5 . His dissertation on the subject records administering many substances, including animal extracts of the cerebral cortex, thyroid and adrenals, prepared for him by a local chemist. His discovery that the adrenal extract led to a demonstrable rise in blood pressure led him to approach Professor Edward Schäfer, a physiologist at University College London, better known today as the inventor of the Schäfer method of resuscitation. Together they conducted animal experiments with intravenous supra-renal extract, proving conclusively that it elevated blood pressure, constricted blood vessels and enhanced ventricular contraction. They also established that the active component they were testing arose from the adrenal medulla, not the cortex. They published their results in 1895 6 .
Crude extracts of the adrenal medulla soon found applications in medicine, particularly for decreasing bleeding in eye and nasal surgery, but the extracts deteriorated quickly and caused allergic reactions 7 . Efforts to identify and purify the responsible vasoactive substance intensified. Otto von Fürth in Strasbourg isolated a substance he called suprarenin, and John Jacobs Abel, of Johns Hopkins University, isolated a slightly different substance, referred to as epinephrine. While these substances were vasoactive, neither subsequently proved to be adrenaline. In 1900, the Japanese chemist, Jokichi Takamine, working cooperatively with Parke, Davis & Co Laboratories, isolated a pure crystalline substance from the adrenal medulla, 2000 times stronger than either suprarenin or Abel's epinephrine. He called this substance Adrenalin, applying for a patent in November 1900 and a trademark in 1901.
Patenting of drugs was in its infancy at this time 8 . The pharmaceutical industry developed in America in the second half of the 19th century as collaborations developed between pharmacists and chemists. These new companies were keen to promote themselves as ethical businesses, aligning with doctors and advertising themselves as "scientific". This was crucial to distinguish them from the poorly and confusingly named 'patent' medicine industry, filled with quacks and charlatans. As these pharmaceutical businesses grew, so did the tendency to patent their discoveries, something which had not been common in the past. The patenting of Adrenalin was to open a new chapter in pharmaceutical patenting law. At issue were two problems, firstly the originality and priority of Takamine's discovery, and secondly, the appropriateness of patenting a substance produced in nature. The judgment, by Judge Learned Hand, ultimately found in favour of Takamine and Parke, Davis & Co but required the judge to work his way through reams of information about chemistry, something he felt underprepared for: "I cannot stop without calling attention to the extraordinary condition of the law which makes it possible for a man without any knowledge of even the rudiments of chemistry to pass upon such questions as these" 9 . While ultimately the patent rested upon the extraction technique and the marketability of the product, the judgment is often quoted in modern day discussions of gene patenting, extending the reach of this historical judgment into areas never dreamed of then 8 .
With no regulatory authorities to control the use of adrenaline, it quickly found many and varied applications 2 . Topically it was applied for bleeding-in the eye, the nose, the urethra, the vagina, the stomach-anywhere where it could be easily applied. Parke-Davis manuals recommended a variety of sprays and camel hair brushes as applicators. In 1903, Heinrich Braun, a pioneer of local anaesthesia, reported the prolongation of cocaine local anaesthesia with adrenaline 10, 11 . Subsequently Parke-Davis began selling cocaine with adrenaline, as well as combining adrenaline with the new synthetic local anaesthetics, beta-eucaine and novocaine.
Physicians demonstrated that allergic rhinitis and hives were improved with adrenaline, beginning research into its use for allergic conditions 2 . In 1900, Solomon Solis-Cohen described the use of adrenaline tablets for asthma, believing that the resulting vasoconstriction would improve airflow 12 . His thinking, while commendable, was erroneous, especially as adrenaline is not active when administered orally. However, his work triggered further research into the use of adrenaline for asthma. By 1903, Bullowa and Kaplan had described the successful treatment of asthmatics with subcutaneous injections of adrenaline, establishing also that oral administration was ineffective 13 . They too believed that the success was due to vasoconstriction; the discovery that adrenaline leads to bronchodilation was still some years away.
Since inflammation was decreased by topical application of adrenaline, its use was extended to the treatment of gonorrhoea, where it did relieve the immediate symptoms. Less convincing were claims that it cured bubonic plague and bedwetting and, if injected just prior to conception, allowed gender selection of the resulting child 2 . Even reputable institutions and physicians made startling claims for adrenaline. During the 1916 polio epidemic, Samuel Meltzer at the Rockefeller Institute began injecting adrenaline into the cerebrospinal fluid of affected children after some experiments with monkeys 14 . Despite claims of benefit, none were ever proven. This controversial treatment method was still used occasionally in the 1930s 2 .
The most important role for adrenaline was discovered by the surgeon, George Crile. Crile conducted careful controlled experiments documenting the nature of shock in surgery, proving conclusively in 1903 that adrenaline had a role to play in its treatment 15 . His work was to change the treatment of surgical shock completely, bringing a sophisticated scientific foundation to a previously poorly understood phenomenon. Crile also discovered that injected adrenaline could revive a patient from a cardiac arrest 16 . Within a few years of its discovery, adrenaline had become an indispensable drug.
